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Abstract 
Information system development (ISD) is a knowledge intensive process, and a socialize cross-
disciplines collaboration that brings up innovations and creates a competitive advantage for the 
organization. However, different layers of knowledge boundaries (syntactic, semantic, pragmatic) 
arise with the knowledge diversity of the ISD project and further lowers the project performance and 
product quality. To solve the problems, we will follow a construct development methodology to 
empirically identify the critical knowledge boundary spanning (KBS) processes, roles and objects for 
different layers of knowledge boundary, examine their influences to the effectiveness of corresponding 
KBS, and further assess the direct and moderating relationships from KBS effectiveness to project 
performance and product quality through a questionnaire survey. For academic applications, we not 
only split up the layers of KBS effectiveness and examine their direct and moderating effects to ISD 
performance but also offer categorized KBS activities under a formal construct development 
methodology for future studies. For practical implications, we offer a model for ISD team members to 
refer to for solving their knowledge boundary issues and increase their project performance and 
product quality. 
Keywords: Knowledge Boundary Spanning, Information System Development, Project Management, 
System Quality, Project Performance. 
1 INTRODUCTION 
Information system development (ISD) is a knowledge intensive process and is being taken as social, 
organizational activities rather than a technical activity in recent studies (Baker 2011; Hsu et al. 2014; 
Sammon et al. 2014). Within the process of information system development (ISD), ISD team 
members and users, as experts with different domain knowledge, have to work frequently across the 
knowledge boundaries between them to exchange their expertise. In such knowledge intensive 
industry, these cross-disciplines collaborations not only bring up innovations but also create a 
competitive advantage for the organization (Carlile 2004; Hsu et al. 2014; Leonard-Barton 1995).  
Though it is important to collaborate across disciplines to create innovations and competitive 
advantages within the knowledge intensive industry, it is still hard to maintain such advantages 
(Leonard-Barton 1995). In ISD projects, knowledge diversity arises with the knowledge dynamitic of 
the project and creates knowledge boundaries to further prohibit the transfer, translate, and transform 
of the knowledge (Carlile 2004). To depict the phenomenon and offer solutions, Carlile (2004) 
construct a framework consisting three layers of knowledge boundaries (syntactic, semantic, and 
pragmatic) and three corresponding processes - transfer, translation, and transformation (Carlile 2004). 
The framework is then being examined having positive influences on ISD processes and outcome 
performance (Patnayakuni et al. 2007). Under the context of ISD, multidisciplinary collaboration is an 
ISD process for ISD team and users to work together for a better requirement outcome (Hofmann & 
Lehner 2001). The poor performance of cross disciplines collaborations leads to higher requirement 
risks (Hsu et al. 2014) and further comes to fails of projects (Byrd et al. 1992; Chakraborty et al. 2010; 
Mathiassen et al. 2007; Sammon et al. 2014). Meaning, to lower the risks of failing the project, ISD 
team needs to beware of the requirement risk that is caused by three layers of knowledge boundaries 
through multidisciplinary collaborations. 
Previous literature offers different approaches to solving problems caused by knowledge boundary 
through knowledge boundary spanning (KBS). Some studies indicate that intellectual capital 
(including relational capital, human capital, and structural capital) (Hsu et al. 2014) and knowledge 
integration activities (Adenfelt & Maaninen-Olsson 2007) has a positive effect on the effectiveness of 
knowledge boundary spanning. Although previous researches proposed certain solutions for creating a 
better knowledge boundary spanning effect, the exact activities in ISD team during software 
development process that improve the effect of knowledge boundary spanning remains unspecified. In 
2004, Carlile’s framework for managing knowledge across boundary integrated theories and 
techniques from information processing, learning, and create abrasion as correspondent solutions for 
syntactic, semantic, and pragmatic boundaries (Carlile 2004). Patnayakuni et al. (2007) further 
identified the characteristics and exemplar boundary objects to all three boundary layers proposed by 
Carlile. They pointed out possible activities for crossing three layers of knowledge boundaries – 
syntactic, semantic, and pragmatic. But the practices are not developed through a formal construct 
development methodology and remain systematically and quantitatively unverified. Also, they are 
considered closer to in-team activities than the activities between ISD team and users. Therefore, our 
research question is what are the specific boundary spanning activities that can help knowledge 
boundary spanning and further improve the product quality and project performance of an ISD project? 
Base on the above statements, we propose a model that depicts the influences of critical knowledge 
boundary spanning activities to knowledge boundary spanning effectiveness and further describe the 
interactions between each layer of efficient boundary spanning and outcome of an ISD. Our study can 
help ISD project members to improve their product quality and project performance by emphasizing 
different knowledge boundary spanning activities according to the knowledge boundary problem they 
meet. From an academic point of view, we not only construct the critical knowledge boundary 
spanning activities in ISD through a formal methodology and link the activities to each layer of 
knowledge boundaries but also validate the influences of knowledge boundary spanning effectiveness 
to ISD product quality and project performance. 
In the following sections, we first study previous researches of knowledge boundary, and three 
categories of knowledge boundary spanning activities. In the third section, we introduce the proposed 
model and the hypotheses. Last, we describe the research design in the next stage of this on-going 
study and provide the conclusion. 
2 THEORETICAL BACKGROUND 
2.1 Knowledge Boundary 
Knowledge boundary can be taken as a barrier between knowledge-holding experts that reduces the 
effectiveness of knowledge delivery (Carlile 2004; Hsu et al. 2014). In 2002, based on the previous 
researches, Carlile proposed that there are three approaches to systematically analysis different levels 
of knowledge boundaries - syntactic and semantic and pragmatic (Carlile 2002) which is referred to 
the readable, understandable and usefulness of the message in the field of semiotics (Burton-Jones et 
al. 2005). Also, in 2004, based on the three approaches raised by Carlile in his former studies, he 
suggests an integrative framework for helping people transfer, translate and transform knowledge 
across boundaries (Carlile 2002, 2004). 
2.1.1 Syntactic Knowledge Boundary 
Syntactic is the syntaxical, formal representation, and the structure of transferring of the message 
(Carlile 2004; Stamper et al. 2000). In 1949, Shannon and Weaver developed the “Shannon-Weaver 
model of communication” that constructs the basis of syntactical messages transferring of all the 
upcoming communication models (Hollnagel & Woods 2005; Shannon & Weaver 1949). According 
to the proposed mathematically theory, between senders and receivers, the syntax of the message 
might be affected by the “noises” during the message transferring section and cause lost or damage on 
the original message (Shannon & Weaver 1949). Under the circumstance of knowledge boundary, the 
noises that change the original meaning of the message prohibit the fluent knowledge transfer between 
sender and receiver is the knowledge boundary (Carlile 2002, 2004). There are several suggestions on 
solving the syntactic knowledge boundary according to the previous researches in different domains. 
Shannon and Weaver indicate that developing a shared syntax standard between sender and receiver 
can ensure syntactical correctness of the transferring the message (Shannon & Weaver 1949). 
Furthermore, Lawrence and Lorsch bring the concept from mathematical theory to organization theory 
(Carlile 2004; Galbraith 1973; Lawrence & Lorsch 1967). Carlile pointed out that building a common 
lexicon across the boundary would make the syntactical problem “unproblematic” (Carlile 2004). 
From the information system development point of view, building data dictionary or repository would 
help software development team to solve the in-team syntactic knowledge boundary problems 
(Patnayakuni et al. 2007). 
2.1.2 Semantic Knowledge Boundary 
When the novelty of the project arises, more participants and requirements would therefore occur, and 
bring the syntactical message transferring problems that forbid participants to interpret the messages in 
the same way (Carlile 2004). Up to the semantic level, even if senders and receivers share the same 
syntax or language, there are still chances that people interpret the message in the different ways 
(Carlile 2002) and cause miss understanding and conflicts within organization because the meaning of 
vocabularies and terms cannot always be synchronized between different domains of knowledge. Also, 
considering the differences in the semantic approach, Carlile pointed out that understanding the 
“differences in degree” is not enough. At the knowledge boundary, we should consider about the 
semantic “difference in kind” (Carlile 2002) to further translate the message with shared meaning 
(Carlile 2004; Dougherty 1992). To solve the semantic knowledge boundary, Carlile suggests that 
using cross-functional team, holding colocations, building up shared methodologies (Ancona & 
Caldwell 1992; Carlile 2004), introducing brokers and translators in team (Allen 1977; Carlile 2004), 
and involving individuals participate in similar activities (Brown & Duguid 1991; Carlile 2004; Lave 
& Wenger 1991) are all possible solutions. Patnayakuni et al. also suggested that using use cases and 
functional requirements within ISD project team are two candidate solutions (Patnayakuni et al. 2007). 
2.1.3 Pragmatic Knowledge Boundary 
Pragmatic is the highest level of knowledge boundary in Carlile’s framework that causes different 
interests and purposes among actors (Carlile 2004). It occurs when more participants with different 
purposes and interests come to the project. Even if they interpret the terms and the vocabularies, in the 
same way, it is still possible for participants to come up with different outcomes because of the variety 
of the interests. These pragmatic differences would create costs for the involved participants (Carlile 
2004) because such conflicts on knowledge boundary for participants is not only merely about 
learning new things but also about transferring the existing knowledge to the new ones(Carlile 2004). 
To solve the problems caused by pragmatic knowledge boundary, Carlile indicates that boundary 
objects (Bechky 2003; Carlile 2002, 2004; Star 1989) such as drawing or prototypes (Carlile 2004; 
Schrage 1999; Wheelwright 1995) that can help transforming knowledge are proven to be efficient. 
Also, according to Patnayakuni et al., boundary objects such like logical and physical models that help 
to build shared interests and goals have positive effects on pragmatic boundary spanning (Patnayakuni 
et al. 2007). 
To better categorize the knowledge boundaries into a more precise model that describe the software 
project, in reality, we integrate both syntactic and semantic layers into one single layer. There are two 
reasons as follows. First, the syntactic layer is more an IT-platform issue than a human-organization 
problem that goes with physical and empiric layers in the semiotic ladder (Stamper et al. 2000). 
Second, the problems caused by syntactic knowledge boundary are rather easy to solve. According to 
Carlile, it would be “unproblematic” if a common lexicon is built across the knowledge boundary 
(Carlile 2004). That is, in our scenario in ISD project, there are two layers of knowledge boundaries. 
First, “pragmatic knowledge boundary” represent the boundary that affects the creation of the shared 
project vision, interests, and goals of the entire project. Second, “syntactic and semantic knowledge 
boundary” is the knowledge boundary that affects the construct of the shared meaning, descriptions, 
requirements, and functionalities of the output system. 
2.2 Knowledge Boundary Spanning Activities 
Empirical studies have concluded knowledge boundary spanning (KBS) activities into three 
categories – process, role (spanner), and object (Carlile 2002; Gopal & Gosain 2010; Star 1989). 
Boundary process allows individuals across different domains to integrate, transform, and share their 
knowledge. A boundary spanner refers to the role who is responsible for ensuring the flow of requiring 
knowledge. Boundary spanning objects are used to share needed knowledge. In the following sections, 
we unveil the sources of all the KBS activities from previous studies. 
2.2.1 Knowledge Boundary Spanning: Process 
Depending on the structure of the ISD team, the project-relevant documents should be processed under 
the stakeholder’s authority and/ or petition to show their supports and responsibilities on political and 
financial issues. A clear statement of authority can help team members to operate well. At the 
beginning of the project, involving stakeholders in the initial processes would increase the probability 
of having shared agreements among ISD team and users (PMBOK 2004), such as “kick-off meeting.” 
Holding a public hearing would have benefits on sharing common goals and interests between ISD 
team and users. During the project, Gopal et al. (2010) pointed out that status review meeting is 
important to update the latest project processing information in software developing the project. 
Besides, holding the requirement validating meetings with stakeholders in the requirement process is 
helpful for raising the efficiency of requirement engineer (SWEBOK 2014). A closure procedure is 
also needed to make sure the output of the project is satisfied by main stakeholders (PMBOK 2004). In 
the maintenance phase of a project, it’s also useful for ISD to hold training processes as supporting 
activities to maintain the knowledge of end-users toward the system (SWEBOK 2014). Also, 
constructing processes for storing and retrieving of knowledge for keeping experiences for following 
team members or users is also identified as an important activity (Carlile 2004; Davenport & Prusak 
1998). From the perspective of software development process, traditional waterfall model or software 
development life cycle (SDLC) can help generating KBS objects within the project and is easier for 
teams with limited experiences (Jeng 2007). Also, a standardize ISD methodology and development 
process can help ISD team to analysis and gather end users’ requirements (Patnayakuni et al. 2007; 
Wu 2010). Face-to-face meetings, or colocation, as the most effective communication method between 
stakeholders, are also important for ISD team and users to working across boundaries (Carlile 2004; 
PMBOK 2004). Defining project scope is one of the critical tasks that should be balanced in the early 
phase of project management, and being related to the success of the project (PMBOK 2004; 
SWEBOK 2014). Also, managing changes of the requirement is a big issue in software engineering 
that is called as the central of requirement management (SWEBOK 2014). 
2.2.2 Knowledge Boundary Spanning: Role 
Project manager, who is responsible for coordinating and managing the project resources and 
stakeholders, is obviously one of the most important roles within ISD team (PMBOK 2004). Also, 
depending on the structure of the organization where ISD team belongs, executive officers would also 
involve in certain colocation meetings for negotiating un-functional requirements. In certain situation, 
technical manager and people managers would play the roles as the bridge between ISD team and 
users’ executive officers. Software engineers and regulators are two important actors within ISD team 
during requirements process (SWEBOK 2014). In an ISD project, regulators act like domain experts 
or consultants, bridging the domain knowledge between ISD team and end users. Software engineers 
are ISD members who are interested in technical part of the project and perform the programming and 
developing of the system. Also, involving user-experience (UX) designer or user-interface (UI) 
designer into requirement engineer for better agreements on the overall UI or UX design between ISD 
team and users is important. Carlile (2004) pointed out that involving brokers and translators in the 
team have positive benefits on knowledge boundary spanning (Carlile 2004). System analyst and 
contact person are two important roles as brokers and translators (Gopal & Gosain 2010). Further, for 
both ISD team and users, introducing individuals that have participated in similar activities would help 
stakeholders to develop shared understanding of the project (Carlile 2004). 
2.2.3 Knowledge Boundary Spanning: Object 
Developing a project management plan provides critical information in all aspects of both ISD team 
and users to acquire and construct shared knowledge, for instance, the way project being planned, 
executed, monitored, controlled, and closed (PMBOK 2004). To better perform the change 
management, the requirement changing report is very important for clarify the shared knowledge 
between ISD team and users (PMBOK 2004; SWEBOK 2014). Meanwhile, routinely using 
performance report or progress report to describe the project status, progress, and forecast as a KBS 
objects are also helpful to update the latest project information and have a better cooperation with the 
ISD team (PMBOK 2004). A high user interactive software development model like prototyping is 
important for synchronizing shared knowledge in ISD (Carlile 2004; Patnayakuni et al. 2007; 
SWEBOK 2014; Wu 2010). Also, using the output of mentioned “user-centered design” approaches - 
storyboard, user story, use case, and cosplay as KBS object is supposed to have a positive effect on 
expressing users’ requirements (Jeng 2007). The document generated by the process is also important 
to formally draw the line for stating the project scope (PMBOK 2004; SWEBOK 2014). Besides, the 
construct of the test case for users is taken as a design artifact in ISD team (Patnayakuni et al. 2007). 
The construct of the memorandum at the beginning of the project can help both ISD team and users to 
certain the agreements on requirements between them. According to literature, building standards for 
representation would help to codify knowledge among stages of ISD processes (Patnayakuni et al. 
2007). In the field of Unified Modeling Language (UML), there are several different diagrams used to 
express the abstract concepts of the produced system. ISD team can transfer their knowledge to users 
through the diagrams (Wu 2010). Using the deployment diagram to express the server arrangement 
information to users to make sure they understand the future deployment of the system. Also, using 
lexicon or storage and retrieval technologies for letting stakeholders across knowledge domains to 
understand the professional terms people are using is taken as important objects in ISD projects 
(Carlile 2004). Extended from lexicon or storage and retrieval technologies, using abbreviation 
carefully when having crossed knowledge domain interaction can reduce significant misunderstanding 
between ISD team and users. 
3 RESEARCH FRAMEWORK AND HYPOTHESIS 
Based on the literature review, we propose a model (see Figure 1). In our model, the performance of 
an ISD project is positively influenced by the effectiveness of pragmatic and “syntactic and semantic” 
KBS, which are also positively affected by KBS processes, roles, and objects. 
 
Figure 1. Research model 
According to the previous researches, knowledge boundaries between ISD team and users create 
communication barriers (Hsu et al. 2014). Depending on the aspects (syntactic, semantic, or pragmatic) 
the knowledge boundaries occur, such communication barrier would further lead to requirement risks 
and cause misunderstanding on corresponding aspects. Without the shared lexicon, interpretation on 
terms, interests, and goals, the misunderstanding on both requirement of the system and the overall 
target of the project would become more and more serious. 
In an ISD project, the importance of requirement engineering to the product quality has been 
emphasized both academically and empirically (Hsu et al. 2014; Ives & Olson 1984; PMBOK 2004; 
SWEBOK 2014). If the knowledge boundaries problems remain, and make the requirements not 
specified properly, not only the product couldn’t satisfy the users, but also the system would become 
unreliable.  That is, the product quality (or system quality) (Bevan 1999; Swanson 1997) would be 
negatively affected by the knowledge boundaries between ISD team and the users. 
Under the high requirement risks and the misunderstandings between ISD team and the users, the 
stakeholders not only have to learn something new when they encounter knowledge conflictions but 
also have to spend much more time and resources on transferring the previous knowledge to new one 
and to create the shared knowledge (Carlile 2004). In consequences, the project budgets and project 
schedule would become out of control, which can be referred to the inefficient project performance 
(Wallace et al. 2004). Also, previous researches have indicated the impacts of poor performance that 
cross disciplines collaborations makes on requirement risks (Hsu et al. 2014) and the further impacts 
to the failure of the projects (Byrd et al. 1992; Chakraborty et al. 2010; Mathiassen et al. 2007; 
Sammon et al. 2014). Therefore, we propose the following hypotheses: 
Hypothesis 1a. Pragmatic knowledge boundary spanning effectiveness is positively associated with 
product quality. 
Hypothesis 1b. Pragmatic knowledge boundary spanning effectiveness is positively associated with 
project performance. 
Hypothesis 2a. Syntactic and semantic knowledge boundary effectiveness spanning is positively 
associated with product quality. 
Hypothesis 2b. Syntactic and semantic knowledge boundary effectiveness spanning is positively 
associated with project performance. 
The complexity of knowledge boundary rises along with the novelty of the ISD project. Based on 
different levels of novelty in ISD teams, the problems caused by knowledge boundary get more and 
more complex. From the basic level of syntactical differences that caused by something actors known 
to the differences on semantic interpretations, and finally, pragmatic differences based on actors’ 
interests, goals and personal values (Carlile 2004). In the field of semiotics, the relation between 
syntactic, semantic, and pragmatic also shows that each layer is interdependent to others (Bera et al. 
2014; Stamper et al. 2000). The changes on requirements (semantically) would further effect the 
changes on the goals and interests of the project (Liu et al. 2011). Since the semiotics ladder has a 
bottom up relationship and interdependency between layers, along with the raising-of-novelty 
relationship of Carlile’s framework (2004), we suppose that if the practices of “syntactic and 
semantic” KBS activities are well-performed, it would setup a proper environment to further offer 
supports for exaggerating the effects of pragmatic KBS activities. Thus, we propose the following 
hypotheses: 
Hypothesis 3. Syntactic and semantic knowledge boundary spanning effectiveness is positively 
associated with pragmatic knowledge boundary spanning effectiveness. 
Hypothesis 4a. The magnitude of the impact of pragmatic knowledge spanning effectiveness on 
product quality is influenced by syntactic and semantic knowledge spanning effectiveness. 
Hypothesis 4b. The magnitude of the impact of pragmatic knowledge spanning effectiveness on 
project performance is influenced by syntactic and semantic knowledge spanning effectiveness. 
Previous researches point out some knowledge boundary spanning (KBS) activities that aid the effect 
of knowledge boundary spanning in different layers – syntactic, semantic and pragmatic. However, 
there are no complete and systematic researches on finding exact KBS activities in practice, thus 
makes empirically finding out the exact KBS activities as one of our major goals and expectations of 
this research. We follow a complete methodology of construct building to come up with a list of KBS 
activities in systematic categories – processes, roles, and objects (Carlile 2002; Star 1989) through 
literature reviews, several interviews and questionnaire surveys. Therefore, we consider the KBS 
activities we proposed as the critical KBS activities that would improve the effectiveness of each layer 
of knowledge boundary spanning. The hypotheses are as the following: 
Hypothesis 5a. Pragmatic knowledge boundary spanning activities are positively associated with 
pragmatic knowledge boundary spanning effectiveness. 
Hypothesis 5b. Syntactic and semantic knowledge boundary spanning activities are positively 
associated with syntactic and semantic knowledge boundary spanning effectiveness. 
4 RESEARCH METHOD 
We plan to follow a construct developing methodology proposed by Lewis et al. (2005), to identify the 
most critical activities in knowledge boundary spanning and categorize them into three facets (process, 
role, and object). Lewis et al. divide the entire procedure into three stages, domain, instruments, and 
measurement properties. In the first stage, we have to establish the domain background of the 
constructs through all possible sources, such as literature review, interview, and case study. The 
second step is to generate the measurement instrument, including pre-test, pilot test, and item 
screening. In the third stage, we conduct the examination for ensuring the factorial validity, reliability, 
convergent validity, discriminant validity, and nomological validity. The activities are generated from 
literature reviews, empirical interviews, and discussions with the experts. Following by that, we map 
the proposed processes, roles, and objects to three knowledge boundary layers – syntactic, semantic, 
and pragmatic (Carlile 2002, 2004). Except for knowledge boundary spanning activities, the 
measurement items of remained constructs in the research model are based on the existing literature. 
We use three items adopted from Hsu et al. (2014) to measure the pragmatic knowledge boundary 
spanning effectiveness, syntactic and semantic knowledge boundary spanning effectiveness 
respectively. For product quality and project performance, a total of six items adopted from 
Patnayakuni et al. (2007) are used to capture the extent of project outcome. After the items of each 
construct are identified, we will conduct a questionnaire survey to collect the data. Potential subjects 
of this study are practitioners who engaged in the ISD projects. The proposed hypotheses will be 
tested via partial least squares (PLS) through Smart PLS 2.0 M3 (Ringle et al. 2005). 
5 CONCLUSION 
This research aims to achieve the goals as follows. First, we want to find out the critical KBS activities 
that affect the KBS effectiveness. Second, we tend to find out the most influential category of KBS 
activities toward the KBS effectiveness. Finally, we desire to identify the direct influences and the 
moderating effects of each layer of KBS to the project performance and product quality.  
The results are expected to provide the following contributions to the academia. We empirically 
identify and classify the measurements of the knowledge boundary spanning activities that affect 
different layers of knowledge boundaries by different categories under a rigorous process. This 
research offers the measurements of evaluating the KBS activities for future study. Furthermore, our 
model depicts a complete image of how ISD performances are affected by different layers of effective 
knowledge boundary spanning (KBS) and empirically identify the critical KBS activities with 
different influences to each layer of knowledge boundaries. 
For practitioners, our research offers a guideline for ISD team members to improve their project 
quality and product quality by helping them to find the possible knowledge boundary spanning 
activities to perform, to leverage their efforts on spanning through different layers of knowledge 
boundaries. ISD team members can map the situation they face to our model and identify the possible 
solutions. For instance, if the ISD team and the users are a lack of agreements on functional 
requirements, they are probably facing the syntactic and semantic knowledge boundary and need some 
solutions to improve the knowledge boundary spanning effectiveness for better product quality and 
project performance. 
However, there might be several limitations of this study. First, we plan to collect the survey data from 
companies in Taiwan. Second, cross-sectional data will be used to examine the proposed model. We 
encourage further researches to adopt a longitudinal approach and collect western-culture-based data 
to enhance the generalizability of the research model. 
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